Background: Although optimal bowel preparation is essential for high-quality screening colonoscopy, documentation of preparation quality, patient satisfaction and adherence is scarce. Aim: The aim of this article is to compare low-volume (LV, 300 ml sodium picosulfate), intermediate-volume (IV, 2 l polyethylene glycol, PEG þ ascorbic acid and sodium ascorbate), and high-volume (HV, 4 l PEG) purgatives. Results: A total of 5000 individuals (50.5% women) were enrolled between March 2015 and July 2017 (LV:IV:HV ¼ 3.61:1.54:1). Overall sex-and age-adjusted adenoma detection rate was 25.4% (LV 23.8%, IV 25.4%, HV 29.8%), median age was 59.6 years, and cleansing was successful in 96.8%. Success rates of bowel cleansing were highest with HV (97.6%), followed by LV (97.2%) and IV (95.3%) with OR 2.04 (CI 95% 1.20-3.45, p ¼ 0.008) and OR 1.79 (CI 95% 1.27-2.50, p ¼ 0.001), respectively, compared to IV. A total of 93.5% of the LV group would use the same purgative in the future, 73.2% of IV and 69.4% of HV. A total of 84.4% would prefer overnight preparation, 12.1% same-day preparation. Conclusion: All purgatives investigated showed good bowel cleansing quality results, patient satisfaction and compliance. Improvement in patient information might lead to even higher participation rates in screening colonoscopy since one in five patients stated that bowel preparation worried him or her most prior to colonoscopy.
Introduction
Adequate bowel cleansing is essential for high-quality screening colonoscopy to detect (pre)cancerous colorectal lesions.
1,2 Optimal bowel preparation not only relies on a high-quality purgative but also on patient compliance in regard to consumption and dietary restrictions. 3, 4 In 2013 the European Society of Gastrointestinal Endoscopy (ESGE) published a guideline for bowel preparation before colonoscopy including dietary restrictions, and an overnight splitdose regimen (or same-day regimen in case of afternoon colonoscopy) for routine bowel preparation. 5 The importance of bowel preparation quality was emphasized as it was defined as one of seven key quality parameters in colonoscopy in recent guidelines. 6 Even though current guidelines recommend documentation of bowel cleansing quality in colonoscopy reports according to a validated scale, 7 data from the Netherlands show that 38% of colonoscopy reports lack data on bowel preparation quality. 8 Moreover, inadequate bowel preparation has been reported in up to 30% of all patients undergoing colonoscopy. Suboptimal bowel cleansing is not only associated with lower polyp detection rates, 9 ,10 endoscopists tend to schedule surveillance colonoscopy earlier than the recommended intervals, which results in increased costs as well as increased risk of adverse events due to repeated procedures. 10, 11 Studies comparing effectiveness of and patient satisfaction and compliance with different bowel preparation regimens are scarce. 10, 12, 13 Methods
Study aim
The aim of this study was to compare bowel cleansing quality, performance quality of screening colonoscopy, patient compliance, concerns and satisfaction of different bowel preparation regimens in one large, asymptomatic screening cohort.
As colonoscopy outcome we considered adenoma detection rate (ADR), defined as probability of detecting at least one adenoma during an examination; the same applies to advanced adenoma detection rate (AADR), polyp detection rate (PDR), proximal lesion detection rate (PDR, proximal to the sigmoid colon), serrated lesion detection rate (SLDR, including sessile and traditional serrated adenomas) and cecal intubation rate (CIR). An advanced adenoma was defined as adenoma 1 cm, high-grade dysplasia, or tubulovillous/villous histology.
The following purgatives were analyzed: Picoprep þ Citrafleet as the low-volume group (LV, 300 ml sodium picosulfate), Moviprep as the intermediate-volume group (IV, 2 l polyethylene glycol, PEG þ ascorbic acid and sodium ascorbate), and Kleanprep as the high-volume group (HV, 4 l PEG).
Study design
This is a prospective, phase IV, non-interventional, nonrandomized observational study of certified medical products.
Data collection
A total of 5000 patients, who underwent screening colonoscopy between March 2015 and July 2017, were enrolled in this study. All endoscopists participate in a nationwide quality assurance program for screening colonoscopy in Austria. Details on this project founded by the Austrian Society of Gastroenterology and Hepatology together with the Main Association of Austrian Insurance Institutions and the Austrian Cancer Aid were reported elsewhere. 14, 15 All included patients provided written informed consent for data analysis in the framework of scientific studies. The Austrian Data Protection Committee and the Ethics Committee of the Medical University of Vienna provided permission (Ethics Committee of the Medical University of Vienna, project number 1726/2014, ethical approval on November 4, 2014). The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki.
All participating endoscopists used the purgative they routinely apply within the framework of this study. There was no randomization or treatment-blinding of the endoscopist who assessed the cleansing quality. The choice of purgative was most likely based on remuneration of the insurance institution rather than particular patient characteristics since in each of the nine federal states in Austria different purgatives are refunded. Furthermore, to minimize possible differences in detection rates resulting from the performance quality of the endoscopists themselves, inclusion was limited to endoscopists with an ADR 20%. Screenees were included in the study on the day of screening colonoscopy. A questionnaire assessing expectations, compliance, and satisfaction with regards to the purgative used was filled out shortly before colonoscopy (Appendix 1).
Bowel-preparation quality
An assessment of the bowel preparation score according to the Harefield Cleansing Scale 16 ( Figure 1 ) was restricted to colonoscopies in which the cecum was reached (n ¼ 4919) since only then can all colon segments be scored. In the framework of the present study, we used a modified Harefield Scale in which six colon segments were scored (rectum, sigmoid colon, descending colon, transverse colon, ascending colon, cecum). According to the current guidelines application of the purgative is recommended as a split-dose regimen. 5, 6 In case of a colonoscopy scheduled in the morning until noon, patients consume one-half dose of the purgative the evening before colonoscopy, and the other half in the early morning before colonoscopy (in this paper referred to as a two-day regimen). If the colonoscopy is scheduled after noon, patients consume one-half of the purgative in the early morning hours and the other half in the midmorning (same-day regimen). Success of bowel cleansing was defined as obtaining Harefield Scale grade A (all segments scored 3 (clear liquid) or 4 (empty and clean)) or grade B (one or more segments scored 2 (brown liquid/removable semi-solid stools)).
Statistical analysis
Continuous variables are described by median and quartiles, and categorical variables by percentages. The association of successful bowel preparation with age, sex and purgative used was assessed by a logistic regression model. To evaluate the association of different lesion detection rates with age, sex and purgatives, we used a logistic model in which we included endoscopist-specific random intercepts as each endoscopist used the purgative that was applied in routine use also in the study. Where the association between an outcome and age appeared to be non-linear, age was modelled using restricted cubic splines. Twosided p values less than 5% were considered statistically significant. For comparison of purgatives, we standardized and then averaged the predicted probabilities of the colonoscopy outcomes separately for each group of bowel purgatives and for each sex. Standardization was with respect to the pooled observed age distribution of the study cohort. Statistical analysis was conducted using R (version 3. 
Results

Baseline characteristics
Overall, 5000 screened individuals were included in this study (LV:IV:HV ¼ 3.61:1.54:1). Median age (59.6 years) and gender distribution were similar in all groups. Baseline characteristics, grades and bowel cleansing success rates are summarized in Tables 1(a) 
CIRs
Overall sex-and age-adjusted CIR was 98.3%. CIR was highest with HV (99.4%), followed by LV (98.5%) and IV (97.5%) (HV compared to IV odds ratio (OR) was 1.96, confidence interval (CI) 95% 1.02-3.85, p ¼ 0.044). There was no difference between CIR in different age groups or between men and women.
Bowel preparation quality
Overall and per purgative grades according to the Harefield Cleansing Scale and sex and age distributions overall and per grade are summarized in Table 1 (a); age-adjusted success probabilities for each purgative and separately for men and women are shown in Table 1 (b). Overall sex-and age-adjusted success rate of bowel cleansing was 96.8%. Comparing the purgatives, sex-and age-adjusted successful bowel cleansing rate was highest with HV (97.6%), followed by LV (97.2%) and IV (95.3%) with OR 2.04 (CI 95% There was a slight decrease in bowel cleansing quality with increasing age (Figure 2) ; however, the effect of age was not statistically significant.
Performance quality measures
An analysis of performance quality measures was restricted to colonoscopies in which the cecum was reached (n ¼ 4919). Sex-and age-adjusted lesion detection rates are summarized in Table 2 (a); additionally, 
Patient questionnaire
For the assessment of the patient questionnaire, all 5000 questionnaires were evaluated.
Concerns prior to colonoscopy. Before colonoscopy the majority of patients were worried the most about the colonoscopy itself (55.3%), followed by bowel preparation (19.6%) and sedation (12.9%); 0.5% answered colonoscopy and sedation, 0.7% colonoscopy and bowel preparation, 0.04% sedation and bowel preparation, 11.2% N/A.
Prior to colonoscopy patients informed themselves mostly about possible adverse events of colonoscopy (3.7% of patients informed themselves well, 15.7% barely and 9.8% not at all (0.9% N/A)); followed by concerns about possible adverse events of sedation (59.7% well, 20.2% barely, 18.9% not at all, 1.3% N/A). Less than half of patients informed themselves about possible adverse events of a purgative (41.1% well, 24.2% barely, 32.0% not at all, 2.7% N/A).
The compliance regarding dietary restrictions was high; only 1.6% stated that they did not follow the dietary restrictions.
Experience with the purgative. The majority of patients described the taste of the purgative as more pleasant than expected. In the LV group 19.6% described the taste as neutral, 76.7% as better and 2.9% as worse than expected; in the IV group 24.4%, 49.1% and 24.1% and in the HV group 25.9%, 42.8% and 29.7%, respectively. However, a logistic regression model adjusted for age, sex, bowel purgative and taste showed that there was no significant association between the taste of bowel purgative and success of bowel cleansing. A total of 88.6% of patients indicated that they consumed the entire amount of the purgative of both portions. The compliance was high, regardless of the purgative's volume (89.3% of LV, 87.7% of IV, 87.4% of HV). The logistic regression model adjusted for age, sex and purgative used showed no significant difference in success of bowel cleansing between patients who did not drink the entire amounts of bowel purgative and those who did. There was also no difference between women and men in the amount of fluid additionally drunk (Figure 3(a) and (b) ). Figure 3(c) shows that notably the self-reported amount of fluid totally consumed was highest with LV, followed by IV and HV.
The following qualities would prevent the interviewed screenees from consuming the entire amount of the purgative: 37.6% bad taste, 34.1% large volume, 10.1% bad smell, 1.6% off-putting color (5.2% combined answered, 11.4% N/A).
Future preference. A total of 93.7% of patients of the LV group would use the same purgative again if they had to undergo another colonoscopy, compared with 73.3% of the IV and 68.5% of the HV group.
Among respondents, 31.5% prefer the two-day regimen preparation, compared with 51.5% the single-day regimen the day before colonoscopy (17.0% N/A).
If patients preferred a different purgative, they would favor: 28.1% better taste, 19.5% less volume, 1.0% others (better effect, better smell), 2.1% combined, 49.3% N/A.
Discussion
The present study is the largest study so far analyzing performance quality measures, bowel-preparation quality, and patient experience of routinely used purgatives in one large asymptomatic screening colonoscopy cohort. The investigated cohort of 5000 screenees was well matched in sex and age. Bowel-preparation quality, one of seven key quality parameters defined in the recent ESGE guidelines, 6 is associated with ADR and CIR and affects the definition of surveillance intervals. 5, 17 All purgatives met the target standard of 90% rate of adequate bowel preparation. Success rates were significantly higher with HV and LV than with IV; there was no significant difference between HV and LV. This is reflected in the CIR: CIR was excellent in all groups (>98%); highest CIR was achieved with HV, followed by LV and IV (99.4%, 98.5%, 97.5%). Regarding lesion detection rates, all investigated groups met the required ADR standards of 20% according to guidelines at the time the study was initiated. 18 The more recent quality improvement initiative, requiring an ADR 25%, was published during data recruitment. 6 This standard was met with HV and IV purgatives, but failed with LV (23.9%). However, lesion detection rates depend on endoscopists' skills and equipment rather than bowel cleansing quality. 15, 19, 20 An analysis of each bowel segment separately showed that segmental scores of 3 or 4 were least often reached in the right-sided colon with HV, even though HV scored the highest success rates. This discrepancy arises from the definition of success rates according to the Harefield Scale, which requires at least two segments at the same time to have a segmental score of 2 (or better). When analyzing each bowel segment separately, it is unapparent if certain segmental scores were reached in multiple segments at the same time.
Another defined key quality measure is patients' experience during colonoscopy. 6 Interestingly, the present study showed that prior to colonoscopy, only 55.4% of patients worry most about the colonoscopy itself; every fifth patient worries most about possible inconvenience of the purgative and 12.9% about sedation. Therefore, in the future the assessment of patients' experience should focus on the whole colonoscopy experience, which begins with bowel preparation; especially since despite continuous improvement of performance quality, adherence to screening colonoscopy is rather low. The results of the present study strongly contribute to this important issue. Existing data are scarce and the results of previous studies are controversial. Moreover, most studies included only a small number of patients, 12, [21] [22] [23] [24] and outcomes were often considerably biased because of inhomogeneous patient groups with dissimilar colonoscopy indications or exclusion of large patient groups, i.e. severe constipation or severe heart failure. 23, 24 Two studies compared 4 l PEG and 2 l sodium picosulfate, one in a split-dose regimen the day before colonoscopy (n ¼ 194) 12 and one in a two-day split-dose regimen (n ¼ 173). 23 The recommended time interval of no more than five hours between bowel preparation and colonoscopy 25 was considered in neither study. The first study showed higher success rates with sodium picosulfate; however, neither showed a difference in preparation quality in the right-sided colon. Sodium picosulfate was superior in convenience, completeness of protocol, side effects and willingness to reuse the same purgative. This might be explained by the large volume consumption at once in the one-day preparation regimen. The amount of fluid intake in the two-day regimen was rather high with 5.2 l in the PEG and 4.3 l in the sodium picosulfate group. 23 The present study showed that 52% of the HV group would prefer twoday preparation, while 61% of the LV group would prefer single-dose, split preparation the day before colonoscopy; in the IV group there was no difference. In other studies one-third of patients would prefer two-day and two-thirds preferred same-day preparation in an LV regimen. 26 In the present study patient satisfaction and compliance regarding consumption was best with LV purgatives, but the difference was marginal. Notably, patients in the LV group consumed the largest volume of additional fluid and also the largest volume in total. The amount of fluid additionally consumed is estimated and self-reported by the patients. The declared quantities are extraordinary high. However, since the questionnaire was analyzed in an anonymized fashion and was not discussed with the patient, these high amounts of fluid could result as a consequence of misinterpretation by the patient in the questionnaire.
In a prior study, compliance regarding consumption of the full amount of the product and adjuvant fluids was 78.9% in case of a two-day and only 70.4% in case of a same-day preparation regimen with LV purgatives. 22 Independent predictors of poor bowel preparation with LV were same-day preparation, discomfort during preparation, constipation and obesity. A recent meta-analysis of 14 trials showed that generally willingness to repeat, completion of bowel preparation fluid and side effects did not differ within two-day and same-day regimens; both regimens were comparable in terms of bowel cleanliness, CIR and ADR. 27 However, the meta-analysis did not differentiate between HV, IV and LV purgatives.
Studies comparing 2 l PEG and sodium picosulfate showed no differences in overall lesion detection rates 21, 22, 24 and preparation quality according to the Boston Bowel Preparation Scale. 22, 24 In one study PEG was superior in adequate preparation quality (Harefield Score A or B) as well as detection rates of adenomas, polyps, and flat adenomas in the right-sided colon. However, the difference in detection rate might result from the inhomogeneous patient cohort since there was no differentiation between diagnostic, surveillance and screening colonoscopies. 21 An asymptomatic screening cohort like in the present study is more eligible to assess the impact of bowel preparation quality on lesion detection rates. Moreover, although colonoscopy was performed in the afternoon, sodium picosulfate was administered in a split-dose regimen the day of the procedure, while PEG was administered in a twoday regimen.
A strength of the present study was the large, homogenous study cohort. In addition the study design was non-interventional, which avoids potential bias in patient management of a non-routinely used purgative. However, limitations of the study also arise from the non-interventional design, which did not allow randomization of the purgatives and may also have led to residual confounding of the effects of purgatives and the skills of the endoscopists. The choice of a particular purgative most likely depended on remuneration of insurance institutions rather than distinct patient characteristics since remuneration varies among federal states. Consequently, there was a large variation in treatment group sizes, and Picoprep and Citrafleet needed to be grouped as one LV group, resulting in a four-times ratio between HV and LV. Moreover, even though endoscopists were comparable in terms of training and endoscopic skills (all included endoscopists participate in a nationwide quality control program), lesion detection rates obtained from this study might represent the endoscopists' skills rather than bowel-preparation quality. 28 To minimize a possible bias resulting from performance quality of participating endoscopists, inclusion was limited to endoscopists with an ADR 20%. Furthermore, we have adjusted all comparisons of lesion detection rates between purgatives for endoscopists and sex and age of the patients, but we cannot exclude the possibility of case-mix effects beyond those attributes.
In summary, all purgatives investigated in the present study showed good bowel-cleansing quality results and patient satisfaction, and compliance was high. More than 90% would use the same purgative again if they had another colonoscopy. The primary quality measure in colonoscopy, ADR, was higher with HV than LV. LV purgatives had higher approval for same-day preparation, while with HV patient comfort was higher when the volume was split overnight. Notably, every fifth patient stated that bowel preparation is the factor that worries him or her most before colonoscopy. Therefore, although the quality of bowel preparation is satisfactory, optimization in taste and volume intake would lead to even higher participation rates in screening colonoscopy.
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